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ABSTRACT : PROBLEM TO BE SOLVED: To provide an illumination optical device, which can 
appropriately suppress the decreased uniformity of illumination distribution due to 
speckled interference fringes, even if the number of divided wave fronts is increased for 
example. 

SOLUTION: This illumination optical device is provided with a light source means (1) for 
supplying a coherent light, a multiple light source forming means (5) for forming a number 
of light sources on the basis of light fluxed from the light source means (1), and light 
guiding optical systems (7, 9, and 1 1) for leading the light fluxes from the light source to 
surface (10) and (12) to be irradiated. In addition, it is also provided with a means (51) for 
giving a phase difference that gives a specified phase difference between a first group of 
light fluxes, forming a first group of light source and a second group of light fluxes forming 
a second group of light source among the light sources. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The light source means for supplying coherent light, and the multi-light source means forming 
for forming much light sources based on the flux of light from this light source means, In illumination- 
light study equipment equipped with the light guide optical system for leading the flux of light from the 
light source of said large number to an irradiated plane Between the flux of light of the 1st group which 
forms the light source of the 1st group at least among the light sources of said large number, and the flux 
of light of the 2nd group which forms the light source of the 2nd group Illumination-light study 
equipment characterized by having the phase contrast grant means for giving predetermined phase 
contrast between the flux of light of said 1st group, and the flux of light of said 2nd group by giving a 
short optical-path-length difference more substantially than the time coherence length of said coherent 
light. 

[Claim 2] Said optical path difference is illumination-light study equipment according to claim 1 
characterized by being 1/10 or less [ of said time coherence length ]. 

[Claim 3] In order that said multi-light source means forming may have the wavefront-splitting mold 
optical integrator which has many microlens elements and may operate said wavefront-splitting mold 
optical integrator as said phase contrast grant means The microlens element of the 1st group 
corresponding to the light source of said 1st group among the microlens elements of said large number 
and the microlens element of the 2nd group corresponding to the light source of said 2nd group are 
illumination-light study equipment according to claim 1 or 2 characterized by having mutually different 
optical thickness in accordance with an optical axis. 

[Claim 4] The microlens element of said 1st group and the microlens element of said 2nd group are 
illumination-light study equipment according to claim 3 characterized by having a mutually different 
focal distance. 

[Claim 5] The microlens element of said 1st group and the microlens element of said 2nd group are 
illumination-light study equipment according to claim 3 characterized by having the plane of incidence 
of mutually different magnitude. 

[Claim 6] Said phase contrast grant means has the phase plate arranged all over an illumination-light 
way. Said phase plate It has at least the minute field of the 1st group through which the flux of light of 
said 1st group passes, and the minute field of the 2nd group through which the flux of light of said 2nd 
group passes. Illumination-light study equipment given in claim 1 characterized by having the optical 
thickness from which the minute field of said 1st group and the minute field of said 2nd group differ 
mutually in accordance with an optical axis thru/or any 1 term of 5. 

[Claim 7] The aligner characterized by having illumination-light study equipment given in claim 1 for 
illuminating said mask thru/or any 1 term of 6, and the projection optics for forming the image of the 
pattern of said mask on said photosensitive substrate in the aligner which imprints the image of the 
pattern prepared on the mask to up to a photosensitive substrate. 

[Claim 8] The manufacture approach of the micro device characterized by including the exposure 
process which exposes the pattern of said mask on said photosensitive substrate using an aligner 
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according to claim 7, and the development process which develops said photosensitive substrate 
exposed by this exposure process. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable illumination-light study equipment for the 
aligner for manufacturing micro devices, such as a semiconductor device, an image sensor, a liquid 
crystal display component, and the thin film magnetic head, at a lithography process especially about the 
aligner equipped with illumination-light study equipment and this illumination-light study equipment. 
[0002] 

[Description of the Prior Art] In this kind of typical aligner, the flux of light injected from the light 
source carries out incidence to a micro fly eye lens or a micro-lens array (only henceforth a "micro fly 
eye"), and forms the secondary light source which becomes an after that side focal plane from much 
light sources. After the flux of light from the secondary light source is restricted through the aperture 
diaphragm arranged near the backside [ a micro fly eye ] focal plane, incidence of it is carried out to a 
condenser lens. An aperture diaphragm restricts to the configuration of the secondary light source, the 
configuration of a request of magnitude, or magnitude according to desired lighting conditions 
(exposure conditions). 

[0003] The flux of light condensed by the condenser lens illuminates in superposition the mask with 
which the predetermined pattern was formed. Image formation of the light which penetrated the pattern 
of a mask is carried out on a wafer through projection optics. In this way, on a wafer, projection 
exposure (imprint) of the mask pattern is carried out. In addition, it is indispensable to integrate highly 
the pattern formed in the mask and to imprint this detailed pattern correctly on a wafer to acquire 
uniform illumination distribution on a wafer. 

[0004] In recent years, the technique of changing the coherency sigma of lighting (sigma value = the 
pupil diameter of the diameter of an aperture diaphragm / projection optics or incidence side numerical 
aperture of the injection side numerical aperture / projection optics of a sigma value = illumination-light 
study system) attracts attention by changing the magnitude of opening (light transmission section) of the 
aperture diaphragm arranged at the injection side of a micro fly eye. Moreover, by setting up the 
configuration of opening of the aperture diaphragm arranged at the injection side of a micro fly eye the 
shape of zona orbicularis, and in the shape of 4 holes (the shape of namely, 4 poles), the configuration of 
the secondary light source formed of a micro fly eye is restricted the shape of zona orbicularis, and in 
the shape of 4 poles, and the technique of raising the depth of focus and resolution of projection optics 
attracts attention. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in order to restrict the configuration of the 
secondary light source the shape of zona orbicularis, and in the shape of 4 poles and to perform 
deformation lighting (zona-orbicularis lighting and 4 pole lighting) If the aperture diaphragm which has 
opening of the shape of the shape of zona orbicularis or 4 poles only restricts the flux of light from the 
comparatively big secondary light source formed of the micro fly eye, the considerable part of the flux 
of light from the secondary light source will be covered by the aperture diaphragm, and will not 
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contribute to lighting (exposure). Consequently, by quantity of light loss in an aperture diaphragm, the 
illuminance on a mask and a wafer falls and the throughput as an aligner also falls. 
[0006] then - for example, incidence of the flux of light changed the shape of zona orbicularis and in 
the shape of 4 poles through a flux of light sensing element like a diffracted-light study component is 
carried out to a micro fly eye, and the configuration which forms the secondary light source of the shape 
of the shape of zona orbicularis and 4 poles in the injection side of a micro fly eye can be considered. 
Moreover, while reducing the illuminance nonuniformity on a mask and a wafer, in order to raise the 
continuity of the profile of the secondary light source of the shape of the shape of zona orbicularis, and 4 
poles, the configuration which increases the number of wavefront splitting of a micro fly eye can be 
considered. 

[0007] However, if the number of wavefront splitting is increased by setting up small the size of each 
microlens which constitutes a micro fly eye, the spatial coherency (coherency) of two light through two 
adjoining microlenses will become high. Consequently, a speckle-like interference fringe occurs on the 
mask which is an irradiated plane, and a wafer, as a result the homogeneity of the illumination 
distribution in an irradiated plane gets worse. 

[0008] Even if it increases the number of wavefront splitting in order to raise the continuity of the 
profile of the secondary light source while this invention is made in view of the above-mentioned 
technical problem, for example, reduces illuminance nonuniformity, it aims at offering the aligner 
equipped with the illumination- light study equipment and this illumination-light study equipment which 
can suppress homogeneous aggravation of the illumination distribution resulting from a speckle-like 
interference fringe good. Moreover, this invention aims at offering the micro device manufacture 
approach that a good micro device can be manufactured by the high throughput and high resolving 
power, using the deformation lighting with which homogeneous aggravation of the illumination 
distribution resulting from a speckle-like interference fringe was suppressed good. 
[0009] 

[Means for Solving the Problem] In order to solve said technical problem, in the 1st invention of this 
invention The light source means for supplying coherent light, and the multi-light source means forming 
for forming much light sources based on the flux of light from this light source means, In illumination- 
light study equipment equipped with the light guide optical system for leading the flux of light from the 
light source of said large number to an irradiated plane Between the flux of light of the 1st group which 
forms the light source of the 1st group at least among the light sources of said large number, and the flux 
of light of the 2nd group which forms the light source of the 2nd group By giving a short optical-path- 
length difference more substantially than the time coherence length of said coherent light, the 
illumination-light study equipment characterized by having the phase contrast grant means for giving 
predetermined phase contrast between the flux of light of said 1st group and the flux of light of said 2nd 
group is offered. 

[0010] According to the desirable mode of the 1st invention, said optical path difference is 1/10 or less 
[ of said time coherence length ]. Moreover, in order that said multi-light source means forming may 
have the wavefront-splitting mold optical integrator which has many microlens elements and may 
operate said wavefront-splitting mold optical integrator as said phase contrast grant means As for the 
microlens element of the 1st group corresponding to the light source of said 1st group, and the microlens 
element of the 2nd group corresponding to the light source of said 2nd group, it is desirable among the 
microlens elements of said large number to have mutually different optical thickness in accordance with 
an optical axis. In this case, as for the microlens element of said 1st group, and the microlens element of 
said 2nd group, it is desirable to have the plane of incidence of magnitude which has a mutually 
different focal distance or is mutually different. 

[001 1] According to the desirable mode of the 1st invention, moreover, said phase contrast grant means 
It has the phase plate arranged all over an illumination-light way. Said phase plate It has at least the 
minute field of the 1st group through which the flux of light of said 1st group passes, and the minute 
field of the 2nd group through which the flux of light of said 2nd group passes, and has the optical 
thickness from which the minute field of said 1st group and the minute field of said 2nd group differ 
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mutually in accordance with an optical axis. 

[0012] In the 2nd invention of this invention, the aligner characterized by having the illumination-light 
study equipment of the 1st invention for illuminating said mask and the projection optics for forming the 
image of the pattern of said mask on said photosensitive substrate is offered in the aligner which 
imprints the image of the pattern prepared on the mask to up to a photosensitive substrate. 
[0013] In the 3rd invention of this invention, the manufacture approach of the micro device 
characterized by including the exposure process which exposes the pattern of said mask on said 
photosensitive substrate using the aligner of the 2nd invention, and the development process which 
develops said photosensitive substrate exposed by this exposure process is offered. 
[0014] 

[Embodiment of the Invention] With the typical operation gestalt of this invention, it has the wavefront- 
splitting mold optical integrator which has many microlens elements as multi-light source means 
forming for forming much light sources. In this case, if the number of wavefront splitting is increased by 
setting up the size of each microlens element small in order to raise the continuity of the profile of the 
secondary light source while reducing illuminance nonuniformity as mentioned above for example, the 
spatial coherency of two light through two adjoining microlens elements will become high. 
Consequently, a speckle-like interference fringe occurs in an irradiated plane, as a result the 
homogeneity of the illumination distribution in an irradiated plane gets worse. 
[0015] So, in this invention, predetermined phase contrast is given between the flux of light of the 1st 
group, and the flux of light of the 2nd group by giving a short optical-path-length difference more 
substantially than the time coherence length of coherent light between the flux of light of the 1st group 
which forms the light source of the 1st group among the light sources of a large number formed through 
an optical integrator, and the flux of light of the 2nd group which forms the light source of the 2nd 
group. It constitutes so that it may have the optical thickness from which the microlens element of the 
1 st group corresponding to the light source of the 1st group and the microlens element of the 2nd group 
corresponding to the light source of the 2nd group specifically differ mutually in accordance with an 
optical axis among the microlens elements of a large number which constitute an optical integrator. 
[0016] In this case, the light through two equal adjoining microlens elements of optical thickness forms 
a speckle-like interference fringe on an irradiated plane. Since only the short optical-path-length 
difference (for example, 1/10 or less optical-path-length difference of time coherence length) is given 
more substantially than time coherence length, the light which, on the other hand, minded two adjoining 
microlens elements from which optical thickness differs also forms a speckle-like interference fringe on 
an irradiated plane. However, a phase will shift in the speckle-like interference fringe which the light, 
i.e., the light of an opposite phase, through two adjoining microlens elements in which optical thickness 
differs from the speckle-like interference fringe to form, the light, i.e., a light in phase, through two 
equal adjoining microlens elements of optical thickness, forms. 

[0017] Consequently, two speckle-like interference fringes from which a phase differs mutually overlap, 
each other is offset mutually, and the contrast of a synthetic interference fringe is reduced. Thus, with 
the illumination-light study equipment of this invention, while reducing illuminance nonuniformity, for 
example, in order to raise the continuity of the profile of the secondary light source, even if it increases 
the number of wavefront splitting, homogeneous aggravation of the illumination distribution resulting 
from a speckle-like interference fringe can be suppressed good using the phase bactericidal action of two 
speckle-like interference fringes from which a phase differs mutually. 

[001 8] Therefore, with the aligner incorporating the illumination-light study equipment of this 
invention, since the homogeneity of an illuminance is securable good in the exposure side of the 
photosensitive substrate which is an irradiated plane, good high projection exposure of a throughput can 
be performed under good exposure conditions. Moreover, since projection exposure can be performed 
under good exposure conditions using the aligner of this invention, a good micro device can be 
manufactured. 

[0019] The operation gestalt of this invention is explained based on an accompanying drawing. Drawing 
1 is drawing showing roughly the configuration of the aligner equipped with the illumination-light study 
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equipment concerning the operation gestalt of this invention. In addition, in drawing 1 , it is set up so 
that illumination-light study equipment may perform the usual circular lighting. The aligner of drawing 
1 is equipped with the KrF excimer laser or ArF excimer laser which supplies wavelength (248nm or 
193nm) of coherent light as the light source 1 for supplying exposure light (illumination light). 
[0020] After being orthopedically operated by the flux of light which has the cross section of the shape 
of a desired rectangle through plastic surgery optical system (un-illustrating), incidence of the almost 
parallel flux of light injected in accordance with the criteria optical axis AX from the light source 1 is 
carried out to the optical delay section 2. The flux of light which carried out incidence to the optical 
delay section 2 in accordance with the optical axis AX is divided into the flux of light which penetrates a 
half mirror 200, and the flux of light reflected by the half mirror 200. The flux of light reflected by the 
half mirror 200 returns to a half mirror 200, after a sequential deviation is carried out in four reflective 
mirrors (un-illustrating) arranged so that the delay optical path of for example, a rectangle configuration 
may be formed. 

[0021] The flux of light reflected by the half mirror 200 after passing through a delay optical path once 
is injected in accordance with the same optical axis AX as the flux of light which penetrated the half 
mirror 200, without passing through a delay optical path, and an optical-path-length difference equal to 
the optical path length of a delay optical path is given between the two flux of lights. In this way, the 
flux of light which carries out incidence in accordance with an optical axis AX by the optical delay 
section 2 is divided into two or more flux of lights in time, and an optical-path-length difference equal to 
the optical path length of a delay optical path is given between the two flux of lights which continue in 
time. Here, the optical-path-length difference given is set up more than the time coherence length of the 
flux of light from the source 1 of coherent light. 

[0022] Therefore, a time coherency (coherency) can be reduced in the wave train divided by the optical 
delay section 2, and generating of the speckle-like interference fringe in an illuminated field can be 
suppressed good. In addition, in order to suppress generating of a speckle-like interference fringe still 
better, it is desirable to arrange the above optical delay sections to three steps in accordance with an 
optical axis AX. A configuration and an operation of this kind detailed to the pan about an optical delay 
means are indicated by for example, JP,1-198759,A, JP,1 1-174365,A and a Japanese-Patent- 
Application-No. No. 21591 [ 1 1 to ] specification, the drawing, etc. 

[0023] Incidence of the flux of light divided into the incoherent multiplex pulse in time through the 
optical delay section 2 is carried out to the diffracted-light study component (DOE) 31. Generally, a 
diffracted-light study component is constituted by forming the level difference which has the pitch of 
wavelength extent of exposure light (illumination light) in a glass substrate, and has the operation which 
diffracts an incident beam at a desired include angle. Specifically, the diffracted-light study component 
31 for circular lighting is changed into the emission flux of light which has the cross section of a circle 
configuration for the almost parallel flux of light of the shape of a rectangle which carried out incidence 
in accordance with the optical axis AX. 

[0024] After the emission flux of light of the circle configuration through the diffracted-light study 
component 31 minds the zoom lens 4 as 1st capacitor optical system, incidence of it is carried out to the 
multi-light source means forming 5 which consisted of micro fly eyes 51 and 52 of a pair. In this way, 
the radiation field of a circle configuration is formed in the plane of incidence (namely, plane of 
incidence of the micro fly eye 51 by the side of the light source) of the multi-light source means forming 
5. And the magnitude (namely, the diameter) of the radiation field of the circle configuration formed 
changes depending on the focal distance of a zoom lens 4. 

[0025] In addition, in order to avoid that the plane of incidence of the micro fly eye 51 and the injection 
side of the micro fly eye 52 are polluted by photochemical reaction, the plane of incidence of the micro 
fly eye 5 1 and the injection side of the micro fly eye 52 are adjoined, and the plane-parallel plates 53 
and 54 of a pair are arranged as cover glass, respectively. Therefore, what is necessary is to exchange 
only the cover glass 53 and 54 of a pair, without exchanging the micro fly eyes 51 and 52 of a pair, even 
if contamination by photochemical reaction takes place. 

[0026] D rawing 2 is drawing showing the configuration of the multi-light source means forming of 
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.drawing,! , (a) is drawing showing the configuration of each micro fly eye seen in accordance with the 
optical axis AX, and (b) is drawing showing an operation and cross-section configuration of the micro 
fly eye of a pair. Each micro fly eyes 51 and 52 are optical elements which consist of a microlens 
element 500 which has the forward refractive power of the shape of a rectangle of a large number 
arranged in all directions and densely, as it has the same basic configuration mutually and is shown in 
drawing 2 (a) and (b). Each micro fly eyes 51 and 52 are constituted by performing etching processing 
to the parallel flat-surface glass plate 501 of a square configuration, and forming a microlens group in 
the field 502 of a circle configuration. 

[0027] Generally, each microlens element which constitutes a micro fly eye is minuter than each lens 
element which constitutes a fly eye lens. Moreover, unlike the fly eye lens which consists of a lens 
element isolated mutually, the micro fly eye is formed in one, without isolating many microlens 
elements mutually. However, the micro fly eye is the same as a fly eye lens at the point that the lens 
element which has forward refractive power is arranged in all directions. In addition, there are also very 
few twists and the number of the microlens elements which constitute a micro fly eye for clear-izing of a 
drawing is actually expressed with drawin g 1 and drawing 2 . 

[0028] In this way, the flux of light which carried out incidence to the micro fly eyes 51 and 52 of a pair 
is divided by many microlens elements two-dimensional. And as a continuous line shows drawin g 2 (b), 
the one light source is formed in a backside [ the synthetic optical system which consists of microlens 
elements 5 1 a and 52a of a pair which correspond in accordance with an optical axis AX in the micro fly 
eyes 5 1 and 52 of a pair ] focal plane, respectively. In addition, as a broken line shows drawing 2 (b), it 
is constituted so that a before [ the micro fly eyes 51 and 52 of a pair ] side focal plane may be in 
agreement with the plane of incidence of the micro fly eye 51 by the side of the light source. 
[0029] In this way, the a large number light source (henceforth the "secondary light source") of the same 
circle configuration as the radiation field formed in the plane of incidence of the micro fly eye 51 by the 
side of the light source is formed in a backside [ the micro fly eyes 51 and 52 of a pair ] focal plane. 
Thus, the micro fly eyes 51 and 52 of a pair constitute the multi-light source means forming 5 for 
constituting one wavefront-splitting mold optical integrator, as a result forming much light sources 
based on the flux of light from the light source 1. 

[0030] Here, as for a zoom lens 4, it is desirable to cover the 3 times as many range as this, and to be 
constituted so that a focal distance may be changed continuously so that the before side focal plane and 
the diffraction side of the diffracted-light study component 31 may be in agreement and an after that side 
focal plane and the plane of incidence of the micro fly eye 51 may be in agreement. Therefore, as for a 
zoom lens 4, it is desirable to have three movable lens groups mutually-independent in accordance with 
an optical axis. 

[0031] Incidence of the flux of light from the secondary light source of the circle configuration formed 
in the backside [ the micro fly eyes 51 and 52 of a pair ] focal plane is carried out to the tris diaphragm 6 
arranged in the near. A tris diaphragm 6 is the lighting aperture diaphragm constituted so that the 
diameter of opening could be changed [ which was centered on the optical axis AX ] continuously, 
having opening (light transmission section) of a circle configuration mostly, and maintaining a circle 
configuration mostly. 

[0032] in addition ~ the diffracted light - study - a component - 31 -- the illumination light - a way - 
receiving insertion and detachment - free - constituting - having - and - the zona orbicularis - 
deformation -- lighting -- ** - the diffracted light - study - a component - 32 - four ~ a pole - 
deformation -- lighting - ** -- the diffracted light ~ study - a component — 33 — a switch — possible — 
constituting having - **** . Specifically, three diffracted-light study components 31-33 are supported 
on the turret (rotor plate) 300 pi vo table to the circumference of a predetermined axis parallel to an 
optical axis AX. About an operation of the diffracted-light study component 32 for zona-orbicularis 
deformation lighting and the diffracted-light study component 33 for 4 pole deformation lighting, it 
mentions later. 

[0033] Here, the switch between the diffracted-light study component 31 for circular lighting, the 
diffracted-light study component 32 for zona-orbicularis deformation lighting, and the diffracted-light 
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study component 33 for 4 pole deformation lighting is performed by the 1st drive system 22 which 
operates based on the command from a control system 21 . Moreover, change of the focal distance of a 
zoom lens 4 is performed by the 2nd drive system 23 which operates based on the command from a 
control system 21 . Furthermore, change of the diameter of opening of a tris diaphragm 6 is performed by 
the 3rd drive system 24 which operates based on the command from a control system 21. 
[0034] The light from the secondary light source through the tris diaphragm 6 which has opening of a 
circle configuration illuminates a predetermined side [ **** ] in superposition optically with the mask 
10 mentioned later, after receiving a condensing operation of the zoom lens 7 as 2nd capacitor optical 
system. In addition, a zoom lens 7 is a fsintheta lens, and it is constituted so that sine condition may be 
satisfied. In this way, the radiation field of the shape of a rectangle [ **** / the configuration of each 
microlens element which constitutes each micro fly eyes 51 and 52 ] is formed in this predetermined 
side. And rectangle-like the magnitude and Lighting NA of a radiation field which are formed in this 
predetermined side change depending on the focal distance of a zoom lens 7. 
[0035] As for a zoom lens 7, it is desirable to be constituted so that a focal distance may be changed 
continuously so that the before side focal plane and a backside [ the micro fly eyes 51 and 52 of a pair ] 
focal plane may be in agreement and an after that side focal plane and an above-mentioned 
predetermined side may be in agreement. Therefore, as for a zoom lens 7, it is desirable like a zoom lens 
4 to have three movable lens groups mutually-independent in accordance with an optical axis. In 
addition, change of the focal distance of a zoom lens 7 is performed by the 4th drive system 25 which 
operates based on the command from a control system 21. 

[0036] In addition, the mask blind 8 as an illuminated viewing field diaphragm is optically arranged 
with the mask 10 in the predetermined side [ **** ]. The flux of light through opening (light 
transmission section) of the mask blind 8 carries out homogeneity lighting of the mask 10 with which 
the predetermined pattern was formed in superposition, after receiving a condensing operation of the 
relay optical system 9. In this way, the relay optical system 9 will form the image of opening of the 
shape of a rectangle of the mask blind 8 on a mask 10. 

[0037] The flux of light which penetrated the pattern of a mask 10 forms the image of a mask pattern 
through projection optics 1 1 on the wafer (or plate) 12 which is a photosensitive substrate. In addition, 
the wafer 12 is held two-dimensional at the movable wafer stage 13 top in the flat surface which 
intersects perpendicularly with the optical axis AX of projection optics 1 1. In this way, the pattern of a 
mask 10 is serially exposed by each exposure field (shot field) of a wafer 12 by performing one-shot 
exposure or scanning exposure (scan exposure), carrying out drive control of the wafer 12 two- 
dimensional. 

[0038] In addition, by the one-shot exposure method, a mask pattern is exposed in package to each 
exposure field of a wafer according to the so-called step-and-repeat method. In this case, the 
configuration of the lighting field on a mask 10 has the shape of a rectangle near a square, and turns into 
the shape of a rectangle also with the configuration of each microlens element of the micro fly eyes 51 
and 52 of a pair near a square. 

[0039] On the other hand, by the scanning exposure method, scanning exposure of the mask pattern is 
carried out to each exposure field of a wafer according to so-called step - and - scanning method, 
making a mask and a wafer displaced relatively to projection optics. In this case, the ratio of a shorter 
side and a long side has the shape of a rectangle of 1 :3, and the configuration of the lighting field on a 
mask 10 turns into the shape of a rectangle [ **** / the configuration of each microlens element of the 
micro fly eyes 5 1 and 52 of a pair / this ]. 

[0040] With this operation gestalt, if the focal distance of a zoom lens 7 is changed, the lighting area 
size formed in the pattern side of a mask 10 and the exposure area size further formed in the exposure 
side of a wafer 12 will change. Moreover, the lighting NA in the pattern side of a mask 10 changes with 
change of the focal distance of a zoom lens 7. On the other hand, the lighting NA on a mask 10 changes, 
without the lighting area size formed in the pattern side of a mask 10 changing, if the focal distance of a 
zoom lens 4 is changed. 

[0041 ] Therefore, with this operation gestalt, by setting the focal distance of a zoom lens 7 as a 
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predetermined value, if obtaining the lighting field of desired magnitude on a mask 10 pulls, it can 
obtain the exposure field of desired magnitude on a wafer 12. Moreover, by setting the focal distance of 
a zoom lens 4 as a predetermined value to the focal distance of the zoom lens 7 set as the predetermined 
value, if obtaining the lighting NA of desired magnitude on a mask 10 pulls, it can set up or adjust to a 
desired sigma value. 

[0042] furthermore - having mentioned above -- as - the diffracted light - study a component - 31 - 

- the illumination light - a way - receiving - insertion and detachment - free ~ constituting - having - 

- and - the zona orbicularis - deformation - lighting - ** - the diffracted light ~ study - a component 

- 32 - four -- a pole deformation - lighting - ** -- the diffracted light - study -- a component 33 - 

- a switch - possible - constituting - having -- **** . By replacing with the diffracted-light study 
component 31, and setting up the diffracted-light study components 32 and 33 all over an illumination- 
light way hereafter, explains the zona-orbicularis deformation lighting and 4 pole deformation lighting 
which are obtained, respectively. 

[0043] The diffracted-light study component 32 for zona-orbicularis deformation lighting changes into 
the zona-orbicularis-like emission flux of light the parallel flux of light of the rectangle cross section 
which carries out incidence in accordance with an optical axis AX. After the emission flux of light of the 
shape of zona orbicularis through the diffracted-light study component 32 minds a zoom lens 4, 
incidence of it is carried out to the micro fly eyes 51 and 52 of a pair. In this way, a zona-orbicularis-like 
radiation field is formed in the plane of incidence of the micro fly eye 51 by the side of the light source. 
Consequently, the secondary light source of the shape of same zona orbicularis as the radiation field 
formed in the plane of incidence of the micro fly eye 51 by the side of the light source is formed in a 
backside [ the micro fly eyes 51 and 52 of a pair ] focal plane, and zona-orbicularis deformation lighting 
can be performed based on the flux of light from the secondary light source of the shape of this zona 
orbicularis. 

[0044] On the other hand, the diffracted-light study component 33 for 4 pole deformation lighting 
changes into the 4 pole-like emission flux of light the parallel flux of light of the rectangle cross section 
which carries out incidence in accordance with an optical axis AX. After the emission flux of light of the 
shape of 4 poles through the diffracted-light study component 33 minds a zoom lens 4, incidence of it is 
carried out to the micro fly eyes 51 and 52 of a pair. In this way, a 4 pole-like radiation field is formed in 
the plane of incidence of the micro fly eye 51 by the side of the light source. Consequently, the 
secondary light source of the shape of same 4 poles as the radiation field formed in the plane of 
incidence of the micro fly eye 51 by the side of the light source is formed in a backside [ the micro fly 
eyes 5 1 and 52 of a pair ] focal plane, and 4 pole deformation lighting can be performed based on the 
flux of light from the secondary light source of the shape of these 4 poles. 

[0045] In addition, in drawing 2 (a), the diameter of the field 502 of a circle configuration in which the 
microlens element 500 is formed is prescribed to correspond to the maximum sigma value which should 
be set up, for example, is set as about 86mm. Therefore, about the size of the microlens element 500, if 
it sets up with 0.54mmx0.2mm, the effective number of the microlens element 500 formed in the field 
502 of a circle configuration will become about 50,000 pieces. In this case, since the very big wavefront- 
splitting effectiveness is acquired in the multi-light source means forming 5, generating of the 
illuminance nonuniformity on the mask 10 which is an irradiated plane, or a wafer 12 can be reduced. 
Consequently, even if it switches lighting conditions (modification of lighting parameters, such as a 
switch with circular lighting, zona-orbicularis deformation lighting, and 4 pole deformation lighting, 
lighting area size, and a sigma value, etc.), fluctuation of illuminance nonuniformity and change of 
telecentricity can be suppressed very small. 

[0046] S ince the very big wavefront-splitting effectiveness is acquired in the multi-light source means 
forming 5 and the continuity of the profile of the secondary light source of the shape of the shape of 
zona orbicularis and 4 poles improves on the occasion of zona-orbicularis deformation lighting or 4 pole 
deformation lighting, it becomes unnecessary moreover, to arrange the lighting aperture diaphragm 
which has zona-orbicularis-like opening and 4 pole-like (shape of multipole [ Generally ]) opening in 
the location of a tris diaphragm 6. Namely, what is necessary is just to change the diameter of opening 
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of a tris diaphragm 6 if needed, and to interrupt the excessive flux of lights, such as flare light, without 
performing a switch with a circular aperture diaphragm, a zona-orbicularis-like aperture diaphragm, and 
a 4 pole-like aperture diaphragm in linkage like the conventional technique, even if it performs a switch 
with circular lighting, zona-orbicularis deformation lighting, and 4 pole deformation lighting. If it puts 
in another way, arrangement of the lighting aperture diaphragm called the so-called sigma diaphragm 
can be omitted, and a configuration can be simplified. 

[0047] In addition, in this operation gestalt, in order to acquire sufficient wavefront-splitting 
effectiveness, it is desirable that the effective number of the microlens element which constitutes one 
micro fly eye is thousands of or more pieces. In order to heighten the wavefront-splitting effectiveness 
furthermore, it is desirable that the effective number of a microlens element is tens of thousands of or 
more pieces. Here, the effective number of the microlens element which constitutes one micro fly eye 
corresponds to the effective number of synthetic optical system, as a result supports the number of 
wavefront splitting of the multi-light source means forming 5. 

[0048] By the way, it is important to carry out alignment of the microlens element of a pair which the 
multi-light source means forming 5 is constituted from this operation gestalt by the micro fly eyes 51 
and 52 of a pair, and should correspond in accordance with an optical axis AX since the size and the 
focal distance of each microlens element are very small mutually, i.e., to carry out alignment of the 
micro fly eyes 51 and 52 of a pair mutually. It is necessary to carry out alignment of the microlens 
element of a pair which should correspond, without [ without it specifically carries out an advancing- 
side-by-side location gap two-dimensional into the field which intersects perpendicularly with an optical 
axis AX, and ] carrying out a rotation location gap into the field which intersects perpendicularly with an 
optical axis AX at the circumference of an optical axis AX. 

[0049] With this operation gestalt, as shown in drawing 2 (a), four alignment marks 503 are formed in 
the micro fly eyes 51 and 52 as an alignment means with the micro fly eyes 51 and 52 of a pair, 
respectively. Four alignment marks 503 are formed in the location corresponding to four square angles 
by vapor-depositing chromium on the outside of the field 502 of a circle configuration in which many 
microlens elements 500 were formed. Each alignment mark 503 has the location precision of about 1 
micrometer, and is formed, and the magnitude is about 2mm. 

[0050] Thus, the micro fly eyes 51 and 52 in which the alignment mark 503 was formed are supported 
by the attachment component 504 as shown in drawing 3 , and are positioned in the condition of having 
been attached all over the illumination-light way at another attachment component (un-illustrating). 
Opening 504a of the circle configuration corresponding to the field 502 of a circle configuration and 
opening 504b of four circle configurations corresponding to four alignment marks 503 are formed in the 
attachment component 504. Moreover, the drive system 505 which consisted of two or more 
micrometers is connected to the attachment component 504. And according to an operation of this drive 
system 505, while carrying out minute migration of the attachment component 504 positioned all over 
the illumination-light way along the direction of X, and the direction of Y, respectively, minute rotation 
of it is carried out at the circumference of an optical axis AX. 

[0051] On the occasion of alignment with the micro fly eyes 51 and 52 of a pair, four alignment marks 
formed in four alignment marks and the micro fly eye 52 which were formed in the micro fly eye 51 are 
observed through viewing or a magnifier, a microscope, etc. And at least one side of the attachment 
components of a pair is made to move slightly by the drive system 505 so that a corresponding 
alignment mark may be in agreement along the optical-axis AX direction. In this way, alignment of the 
microlens element of a pair which should correspond in accordance with carrying out alignment of the 
micro fly eyes 51 and 52 of a pair mutually, as a result an optical axis AX can be carried out mutually. 
In addition, it is good also as movable in the both sides of the attachment component 504 of a pair, and 
one side of the attachment component 504 of a pair is made movable, and it is good also considering 
another side as immobilization. 

[0052] In addition, how to observe a location gap of the microlens element of a pair which corresponds 
as other alignment approaches using an angle measuring equipment like an autocollimator can be 
considered. By this approach, after initializing an autocollimator in the condition of not inserting the 
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micro fly eyes 51 and 52 of a pair all over an illumination-light way, the micro fly eyes 51 and 52 of a 
pair are inserted all over an illumination-light way, and alignment is performed based on the transmitted 
light flux of the microlens element of a pair. Moreover, the method of performing alignment is also 
considered by reading a location gap of the microlens element of a pair which observes the transmitted 
light flux of the microlens element of a pair under a microscope etc., and is observed within the visual 
field. 

[0053] By the way, if the number of wavefront splitting is increased by setting up small the size of each 
microlens element which constitutes the micro fly eyes 51 and 52 as mentioned above, the spatial 
coherency of two light through two adjoining microlens elements will become high, and a speckle-like 
interference fringe will occur on a mask 10 and a wafer 12, as a result the homogeneity of illumination 
distribution will get worse. So, in order to suppress homogeneous aggravation of the illumination 
distribution resulting from a speckle-like interference fringe good, two kinds of microlens elements with 
which optical thickness differs in accordance with an optical axis AX constitute the micro fly eye 51 by 
the side of the light source from this operation gestalt. 

[0054] The difference of the optical thickness of two kinds of microlens elements is set up so that the 
phase contrast between the light through the small microlens element of optical thickness and the light 
through the large microlens element of optical thickness may specifically become 180 degrees in a 
backside [ an optical integrator (51 52) ] focus. For example, when using an ArF excimer laser for the 
light source 1 and using the same optical material (a quartz or fluorite) as each microlens element which 
constitutes the micro fly eye 51, the difference of the thickness of two kinds of microlens elements is set 
up about 0.2 micrometers or odd times (3 times, 5 times, of those. In addition, even if it sets up the 
thickness of each microlens element uniformly by using the optical material (a single optical material or 
compound optical material) with which refractive indexes differ for two kinds of microlens elements 
which constitute the micro fly eye 51 depending on the case, the difference of desired optical thickness 
is securable among two kinds of microlens elements. 

[0055] Drawing 4 is drawing showing the example of arrangement of two kinds of microlens elements 
which constitute the micro fly eye by the side of the light source of drawing 1 . In drawing 4 , the slash 
section shows the small microlens element of optical thickness, and the null section shows the large 
microlens element of optical thickness. In the example of arrangement of drawing 4 , the combination 
which the equal microlens element of optical thickness adjoins mutually, and the combination which the 
microlens element with which optical thickness differs adjoins mutually have the same number along 4 
of each horizontal direction, each vertical direction, and the direction of each set angle (the direction of 
upward-slant-to-the-right slant, and the direction of left riser slant) directions. 
[0056] Here, the light through two equal adjoining microlens elements of optical thickness forms a 
speckle-like interference fringe on the mask 10 which is an irradiated plane, and a wafer 12. Since only 
the short optical-path-length difference (for example, 1/10 or less optical-path-length difference of time 
coherence length) is given more substantially than time coherence length, the light which, on the other 
hand, minded two adjoining microlens elements from which optical thickness differs also forms a 
speckle-like interference fringe on a mask 10 and a wafer 12. However, a phase will shift in the speckle- 
like interference fringe which the light, i.e., the light of an opposite phase, through two adjoining 
microlens elements in which optical thickness differs from the speckle-like interference fringe to form, 
the light, i.e., a light in phase, through two equal adjoining microlens elements of optical thickness, 
forms. 

[0057] Consequently, two speckle-like interference fringes from which a phase differs mutually overlap, 
each other is offset mutually, and the contrast of a synthetic interference fringe is reduced. According to 
the example of arrangement especially shown in drawing 4 , as mentioned above, the combination which 
the equal microlens element of optical thickness adjoins mutually, and the combination which the 
microlens element with which optical thickness differs adjoins mutually have the same number along 
four directions. Therefore, homogeneous aggravation of the illumination distribution which originates in 
the maximum at a speckle-like interference fringe using the phase bactericidal action of two speckle-like 
interference fringes from which a phase differs mutually can be suppressed good. 
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[0058] Drawing 5 is drawing showing another example of arrangement of two kinds of microlens 
elements which constitute the micro fly eye by the side of the light source of drawing 1 . Also in 
drawing 5 , the slash section shows the small microlens element of optical thickness, and the null section 
shows the large microlens element of optical thickness. In the example of arrangement of drawin g 5 , 
although the combination which the equal microlens element of optical thickness adjoins mutually, and 
the combination which the microlens element with which optical thickness differs adjoins mutually are 
not the same number even if it meets which direction among four directions, on the whole, it is quite 
equal along each direction. 

[0059] Therefore, in the example of arrangement of drawing 5 as well as the case of the example of 
arrangement of drawing 4 , homogeneous aggravation of the illumination distribution resulting from a 
speckle-like interference fringe can be suppressed good using the phase bactericidal action of two 
speckle-like interference fringes from which a phase differs mutually. Moreover, the whole arrangement 
pattern is very regular, and is simple, and manufacture of the micro fly eye 51 is easy. In addition, 
although illustration was omitted, homogeneous aggravation of the illumination distribution resulting 
from a speckle-like interference fringe can be suppressed good using the phase bactericidal action of two 
speckle-like interference fringes from which a phase differs mutually like the case of the example of 
arrangement of drawin g 4 , and the example of arrangement of drawing 5 by arranging at random two 
kinds of microlens elements with which optical thickness differs. 

[0060] As mentioned above, while the micro fly eye 51 constitutes apart of multi-light source means 
forming 5 from this operation gestalt The phase contrast grant means for giving predetermined phase 
contrast between the flux of light of the 1st group and the flux of light of the 2nd group is constituted by 
giving a short optical-path-length difference more substantially than time coherence length between the 
flux of light of the 1st group which forms the light source of the 1st group, and the flux of light of the 
2nd group which forms the light source of the 2nd group. Consequently, with this operation gestalt, 
while reducing illuminance nonuniformity, for example, in order to raise the continuity of the profile of 
the secondary light source, even if it increases the number of wavefront splitting, homogeneous 
aggravation of the illumination distribution resulting from a speckle-like interference fringe can be 
suppressed good using the phase bactericidal action of two speckle-like interference fringes from which 
a phase differs mutually. 

[0061] In addition, although the difference of the optical thickness of two kinds of microlens elements is 
set up with the above-mentioned operation gestalt so that phase contrast may become 180 degrees, the 
effectiveness of this invention can be acquired by setting up the difference of the optical thickness of 
two kinds of microlens elements so that phases may differ substantially mutually, without being limited 
to this. 

[0062] Moreover, although the micro fly eye 51 by the side of the light source constitutes the phase 
contrast grant means from an above-mentioned operation gestalt, a phase contrast grant means can also 
consist of micro fly eyes 52 by the side of an irradiated plane, without being limited to this. 
Furthermore, a phase contrast grant means can be constituted from both micro fly eyes 51 and 52, or a 
phase contrast grant means can also consist of cover glass 53 or 54. Generally, a phase contrast grant 
means can consist of at least one optical member in the micro fly eye 51, the micro fly eye 52, cover 
glass 53, and cover glass 54. 

[0063] When it constitutes a phase contrast grant means from cover glass 53, and when it constitutes a 
phase contrast grant means from two or more optical members containing cover glass 53, for example, 
cover glass 53 It is formed so that it may have the minute field of the 1st group through which the flux 
of light of the 1 st above-mentioned group passes, and the minute field of the 2nd group through which 
the flux of light of the 2nd above-mentioned group passes and may have the optical thickness from 
which the minute field of the 1st group and the minute field of the 2nd group differ mutually in 
accordance with an optical axis. A paraphrase will form cover glass 53 as the so-called phase plate. 
According to this viewpoint, a phase contrast grant means can also consist of other phase plates arranged 
all over an illumination-light way. 

[0064] Furthermore, although two kinds of microlens elements with which optical thickness differs 
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constitute the micro fly eye 51 from the above-mentioned operation gestalt, about the number of classes 
of the microlens element which constitutes micro fly, it can also be set or more as three. Therefore, also 
in a phase plate, three or more kinds of minute fields where optical thickness differs can also be formed. 
In this case, the many light sources formed of the micro fly eye (micro-lens array) 51 It has the light 
source group of the 1st group - the 3rd group. Between the flux of light of the 1st group, and the flux of 
lights of the 2nd group, So that only the respectively same amount may give phase contrast (phase 
contrast of 120 degrees) between the flux of light of the 1st group, and the flux of lights of the 3rd 
group, and to between the flux of light of the 3rd group, and the flux of lights of the 2nd group As for 
the micro fly eye 51, it is [ the configuration which has three sorts of very small lenses with which 
optical thickness differs, or a phase plate ] desirable to consider as the configuration which has three 
sorts of very small fields where optical thickness differs. As for the maximum of the optical optical- 
path-length difference in the micro fly eye 51 whole given when the optical thickness of three sorts of 
very small lenses differs, at this time, it is much more desirable that it is 1/10 or less [ of the time 
coherence length of the flux of light ]. As for the maximum of the optical optical-path-length difference 
in the whole phase plate which similarly is given when the optical thickness of three sorts of very small 
fields differs with a phase plate, it is much more desirable that it is 1/10 or less [ of question-coherence 
length ] at the time of the flux of light. 

[0065] When the above thing is generally said, the many light sources formed of the micro fly eye 
(micro-lens array) 51 have the light source group of the 1st group - the Nth group here. So that only the 
respectively same amount may give phase contrast (phase contrast of whenever [ 360/N ]) to the 
combination of the flux of light between the flux of light of the N-lst groups, and the flux of light of the 
Nth group It is desirable to constitute from a very small field of N kind in which optical thickness differs 
a configuration or a phase plate with the very small lens of N kind with which optical thickness differs a 
micro fly eye. However, N is two or more integers. At this time, it cannot be overemphasized that it is 
much more desirable that it is 1/10 or less [ of the time coherence length of the flux of light ] as for the 
maximum of the optical optical-path-length difference in the whole maximum or the whole phase plate 
of an optical optical-path-length difference in the micro fly eye 51 whole. In addition, it is desirable to 
make the class of very small lens with which the optical thickness which constitutes a micro fly eye 
differs, or the class of very small field where the optical thickness which constitutes a phase plate differs 
increase as the magnitude of the lens element of a large number which constitute the micro fly eye 51 
becomes small. By this, it can do [ acquiring much more effectiveness enough or ] rather than being 
based on this invention. 

[0066] Moreover, although two kinds of microlens elements with which optical thickness differs 
constitute the micro fly eye 51 from the above-mentioned operation gestalt, it can also set up so that it 
may have the focal distance from which two kinds of this microlens element differs mutually. In this 
case, the light through the comparatively long microlens element of a focal distance will differ in the 
lighting area size formed on the mask 10 which is an irradiated plane from the light through the 
comparatively short microlens element of a focal distance. Consequently, it becomes possible to control 
the illumination distribution in the circumference of a lighting field through two or more kinds of 
microlens elements which have a mutually different focal distance. In addition, the micro fly eye 52 by 
the side of an irradiated plane may be constituted from two kinds of microlens elements which have a 
mutually different focal distance, and both micro fly eyes 51 and 52 may consist of two kinds of 
microlens elements which have a mutually different focal distance. 

[0067] Furthermore, although two kinds of microlens elements with which optical thickness differs 
constitute the micro fly eye 51 from the above-mentioned operation gestalt, as shown, for example in 
draw ing 6 , it can also set up so that two kinds of this microlens element may have the plane of 
incidence from which magnitude differs mutually. In this case, since the plane of incidence of the 
microlens element which constitutes the micro fly eye 51 is optically arranged with the irradiated plane 
conjugate, the light through the comparatively large microlens element of plane of incidence will differ 
in the lighting area size formed on the mask 10 which is an irradiated plane from the light through the 
comparatively small microlens element of plane of incidence. Consequently, it becomes possible to 
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control the illumination distribution in the circumference of a lighting field through two or more kinds 
of microlens elements which have the plane of incidence from which magnitude differs mutually. 
[0068] Moreover, it is known for illumination-light study equipment like this operation gestalt that will 
originate in the include-angle property of the antireflection film given to each lens which constitutes the 
zoom lens 7 as capacitor optical system etc., and illuminance nonuniformity will occur. Here, an 
antireflection film vapor-deposits the thin film of the dielectric of two or more sheets on a lens front 
face, and is formed in it, amplitude splitting of the reflected light is carried out, and the reflected light is 
erased by shifting the phase of much light and making it interfere. Since it is controlled by membranous 
thickness, if whenever [ incident angle / of the flux of light ] differ, a difference will generate how to 
shift a phase in the effectiveness of acid resisting. Generally by the optical system which uses a lens, the 
beam of light which penetrates the lens circumference bends more greatly, and an incident angle is large. 
On the other hand, since the antireflection film is designed to vertical incidence, light with a larger 
incident angle is easy to be reflected. Consequently, an illuminance serves as the inclination to fall in the 
shape of second [ about ] curve, so that image quantity is large in an irradiated plane, namely, as it 
separates from an optical axis. 

[0069] With this operation gestalt, the illuminance nonuniformity which originates in the include-angle 
property of an above-mentioned antireflection film etc., and is generated can be amended by arranging 
the filter with which the dot pattern of chromium was formed in the field by the side of the irradiated 
plane of cover glass 53. Here, the dot pattern formed in the field of the shape of a minute rectangle 
corresponding to the plane of incidence of each microlens element which constitutes the micro fly eye 
5 1 by the side of the light source is constituted so that the permeability of the core may be the smallest 
and permeability may increase gradually toward the circumference. It is necessary to carry out 
alignment of the minute dot pattern field of the shape of a rectangle formed in cover glass 53 also in this 
case, and each microlens element of the micro fly eye 51 by the side of the light source. This alignment 
can be performed like the alignment of the micro fly eye of a pair by forming in cover glass 53 the 
alignment mark mentioned above. 

[0070] In addition, an above-mentioned filter can be optically arranged near the field [ **** ] with an 
irradiated plane, without being limited to the plane of incidence of the micro fly eye 51 by the side of the 
light source. Moreover, an above-mentioned dot pattern can also be directly formed in the plane of 
incidence of each microlens element which constitutes the micro fly eye 51 by the side of the light 
source. Moreover, above-mentioned illuminance nonuniformity can be amended by replacing with the 
cover glass 53 with which the dot pattern was formed, and arranging the filter with which permeability 
differs according to an incident angle to the pupil posion (for example, the location or its conjugation 
side of a tris diaphragm 6) of illumination-light study equipment. 

[0071] Furthermore, how to amend above-mentioned illuminance nonuniformity is also considered by 
moving some lenses in the direction of an optical axis among two or more lenses which constitute the 
zoom lens 7 as capacitor optical system. However, many aberration like distortion (distortion aberration) 
not only occurs, but by this approach, lighting parameters, such as a sigma value, will change with 
change of the focal distance of a zoom lens 7. Moreover, as mentioned above, illuminance 
nonuniformity may be slightly changed with a switch of lighting conditions. In this case, on the occasion 
of a switch of lighting conditions, fluctuation of illuminance nonuniformity can also be amended by 
performing a switch of an above-mentioned filter etc. 

[0072] In addition, in an above-mentioned operation gestalt, although the micro fly eye of the arranged 
pair which separated spacing constitutes multi-light source means forming, at least two arranged optical 
element bundles which generally separated spacing can also constitute multi-light source means 
forming. Here, an optical element bundle is a concept containing the 2-dimensional array of a lens side, 
or the 2-dimensional array of a reflector. Moreover, in an above-mentioned operation gestalt, although 
the micro fly eye is formed by etching processing, a micro fly eye can also be formed, for example by 
the indentation method or the grinding method. 

[0073] Furthermore, in an above-mentioned operation gestalt, although the micro fly eye of a pair 
separates air spacing and is arranged, the spacing space can also be filled with inert gas or optical glass. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 5/29/2007 



JP,2002-1 18043,A [DETAILED DESCRIPTION] 



Page 13 of 15 



In addition, when using the light source which supplies ultraviolet radiation shorter than predetermined 
wavelength, it is desirable to form a wavefront-splitting mold optical integrator using quartz glass or 
fluorite. Moreover, in an above-mentioned operation gestalt, although the micro fly eye is used as a 
wavefront-splitting mold optical integrator, a wavefront-splitting mold optical integrator like a fly eye 
lens can also be used, for example. In this case, in order to acquire sufficient wavefront-splitting 
effectiveness, it is desirable to constitute a fly eye lens from a sufficient number of lens elements. 
[0074] Furthermore, in an above-mentioned operation gestalt, although it constitutes so that a diffracted- 
light study component may be positioned all over an illumination-light way by the turret method, an 
above-mentioned diffracted-light study component can also be switched, for example using a well- 
known slider style. By the way, the detailed explanation about the diffracted-light study component 
which can be used by this invention is indicated by the U.S. Pat. No. 5,850,300 official report etc. 
Moreover, with an above-mentioned operation gestalt, although the diffracted-light study component is 
used as an optical intensity-distribution modification means, a wavefront-splitting mold optical 
integrator like a fly eye lens or a micro fly eye can also be used, for example. 

[0075] Furthermore, with the above-mentioned operation gestalt, after it once forms a radiation field in a 
mask 10 and a predetermined side [ **** ] and the mask blind 8 restricts the flux of light from this 
radiation field, the radiation field is formed on a mask 10 through the relay optical system 9. However, 
the configuration which forms a radiation field directly on the mask 10 which omitted the relay optical 
system 9 and has been arranged in the location of the mask blind 8 through a zoom lens 7 is also 
possible. Moreover, although the above-mentioned operation gestalt shows the example which forms the 
secondary 4 pole-like light source, the secondary 2 pole (the 2nd)-like light source or the secondary light 
source of the shape of a multipole like the shape of 8 poles (the 8th) can also be formed, for example. 
[0076] Drawing 7 is drawing showing roughly the important section configuration of the modification of 
the operation gestalt shown in d rawin g 1 . The modification of drawing 7 has a configuration similar to 
the operation gestalt shown in drawin g 1 . However, although the micro fly eyes 51 and 52 of a pair are 
used as an optical integrator with the operation gestalt of drawing 1 , it is fiindamentally different in the 
modification of drawing 7 to use the rod-like optical integrator (henceforth a fl rod-like integrator") of an 
internal reflection mold as an optical integrator. In addition, in drawing 7 , for clear-izing of a drawing, 
only the important section configuration from the diffracted-light study component 31 (32 33) to a mask 
10 is shown, and illustration of other components is omitted. Hereafter, the modification of drawing 7 is 
explained paying attention to difference with the operation gestalt of drawing 1 . 
[0077] In the modification of drawing 7 , corresponding to replacing with the micro fly eyes 51 and 52 
of a pair, and using the rod-like integrator 71, the relay lens 72 was attached into the optical path 
between a zoom lens 4 and the rod-like integrator 71, and the tris diaphragm 6, the zoom lens 7, and the 
mask blind 8 are removed. Here, the zoom lens 4 and the relay lens 72 arrange optically the diffraction 
side of the diffracted-light study component 31 (32 33), and the plane of incidence of the rod-like 
integrator 71 to conjugate. Moreover, the relay optical system 9 arranges optically the injection side of 
the rod-like integrator 71, and the pattern side of a mask 10 to conjugate. 

[0078] The rod-like integrator 71 is the glass rod of the internal reflection mold which consists of a glass 
ingredient like quartz glass or fluorite, and forms the light source image of the number according to the 
number of internal reflection along a field parallel to rod plane of incidence through a condensing point 
using total reflection, the interface, i.e., the inside, of the interior and the exterior. Here, although most 
light source images formed are virtual images, only a central (condensing point) light source image turns 
into a real image. That is, the flux of light which carried out incidence to the rod-like integrator 71 is 
divided in the include-angle direction by internal reflection, and many light source images are formed 
along a field parallel to the plane of incidence through a condensing point. The flux of light from the 
light source image of a large number formed in the incidence side by the rod-like integrator 71 
illuminates a mask 10 in superposition through the relay optical system 9, after being superimposed in 
the injection side. 

[0079] By the way, when the number of internal reflection in the rod-like integrator 71 is set up greatly 
(that is, the number of the light sources formed is set up greatly), the spatial coherency of the light from 
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the two adjoining light sources becomes high, and a speckle-like interference fringe occurs on a mask 10 
and a wafer 12, as a result the homogeneity of illumination distribution gets worse. So, in the 
modification of drawing 7 , the phase plate 73 as a phase contrast grant means is arranged in the optical 
path between a zoom lens 4 and a relay lens 72 in the backside [ a zoom lens 4 ] focal location (namely, 
before [ a relay lens 72 ] side focal location). 

[0080] When it follows, for example, the diffrac ted-light study component 31 for circular lighting is 
installed in the illumination-light way, the light through the diffracted-light study component 31 and a 
zoom lens 4 serves as the flux of light of a circle configuration, and carries out incidence to a phase plate 
73. A phase plate 73 gives predetermined phase contrast between the flux of light of the 1st group, and 
the flux of light of the 2nd group by giving a short optical-path-length difference more substantially than 
time coherence length between the flux of light of the 1st group which forms the light source of the 1st 
group among the light sources of a large number formed in the rod-like integrator 71, and the flux of 
light of the 2nd group which forms the light source of the 2nd group. 

[0081] Specifically, the phase plate 73 is formed so that it may have the minute field of the 1st group 
through which the flux of light of the 1st above-mentioned group passes, and the minute field of the 2nd 
group through which the flux of light of the 2nd above-mentioned group passes like the phase plate in an 
above-mentioned operation gestalt and may have the optical thickness from which the minute field of 
the 1 st group and the minute field of the 2nd group differ mutually in accordance with an optical axis. 
Consequently, while reducing illuminance nonuniformity, in order to raise the continuity of the profile 
of the secondary light source like the operation gestalt of drawing 1 , even if it increases the number of 
internal reflection, homogeneous aggravation of the illumination distribution resulting from a speckle- 
like interference fringe can be suppressed good using the phase bactericidal action of two speckle-like 
interference fringes from which a phase differs mutually. 

[0082] In the aligner concerning an above-mentioned operation gestalt (a modification is included), a 
mask (or reticle) can be illuminated with illumination-light study equipment (lighting process), and 
micro devices (a semiconductor device, an image sensor, a liquid crystal display component, thin film 
magnetic head, etc.) can be manufactured by what (exposure process) the pattern for an imprint formed 
in the mask using projection optics is exposed for to a photosensitive substrate. Hereafter, by forming a 
predetermined circuit pattern in the wafer as a photosensitive substrate etc. using the aligner of an 
above-mentioned operation gestalt explains with reference to the flow chart of drawing 8 per example of 
the technique at the time of obtaining the semiconductor device as a micro device. 
[0083] First, in step 301 of drawing 8 , a metal membrane is vapor-deposited on the wafer of one lot. In 
the following step 302, a photoresist is applied on the metal membrane on the wafer of the 1 lot. Then, in 
step 303, the sequential exposure imprint of the image of the pattern on a mask is carried out to each 
shot field on the wafer of the one lot through the projection optics (projection optics module) using the 
aligner of an above-mentioned operation gestalt. Then, in step 304, after development of the photoresist 
on the wafer of the one lot is performed, in step 305, the circuit pattern corresponding to the pattern on a 
mask is formed in each shot field on each wafer by etching by using a resist pattern as a mask on the 
wafer of the one lot. Then, devices, such as a semiconductor device, are manufactured by performing 
formation of the circuit pattern of the upper layer etc. further. According to the above-mentioned 
semiconductor device manufacture approach, the semiconductor device which has a very detailed circuit 
pattern can be obtained with a sufficient throughput. 

[0084] Moreover, in the aligner of an above-mentioned operation gestalt, the liquid crystal display 
component as a micro device can also be obtained by forming predetermined patterns (a circuit pattern, 
electrode pattern, etc.) on a plate (glass substrate). Hereafter, with reference to the flow chart of drawing 
9 , it explains per example of the technique at this time. In drawing 9 , the so-called optical lithography 
process which carries out imprint exposure of the pattern of a mask at photosensitive substrates (glass 
substrate with which the resist was applied) is performed at the pattern formation process 401 using the 
aligner of each operation gestalt. Of this optical lithography process, the predetermined pattern 
containing many electrodes etc. is formed on a photosensitive substrate. Then, by passing through each 
process, such as a development process, an etching process, and a reticle exfoliation process, a 
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predetermined pattern is formed on a substrate and the exposed substrate shifts to the following color 
filter formation process 402. 

[0085] Next, in the color filter formation process 402, many groups of three dots corresponding to R 
(Red), G (Green), and B (Blue) are arranged in the shape of a matrix, or form the color filter which 
arranged the group of three filters, R, G, and B, of a stripe in the direction of two or more horizontal 
scanning line. And 403 is performed for a eel assembler after the color filter formation process 402. A 
eel assembler assembles a liquid crystal panel (liquid crystal cell) in 403 using the substrate which has 
the predetermined pattern obtained at the pattern formation process 401, the color filter obtained with 
the color filter formation process 402. In 403, a eel assembler pours in liquid crystal between the 
substrate which has the predetermined pattern obtained at the pattern formation process 401, for 
example, and the color filter obtained with the color filter formation process 402, and manufactures a 
liquid crystal panel (liquid crystal cell). 

[0086] Then, a module assembler attaches each part articles in which the display action of the assembled 
liquid crystal panel (liquid crystal cell) is made to perform, such as an electrical circuit and a back light, 
and makes it complete as a liquid crystal display component in 404. According to the manufacture 
approach of an above-mentioned liquid crystal display component, the liquid crystal display component 
which has a very detailed circuit pattern can be obtained with a sufficient throughput. 
[0087] By the way, in an above-mentioned operation gestalt and an above-mentioned modification, 
although KrF excimer laser (wavelength: 248nm) and ArF excimer laser (wavelength: 193nm) are used 
as the light source, this invention is applicable also to the suitable light source which supplies other 
wavelength light containing g line or i line. Moreover, although an above-mentioned operation gestalt 
and an above-mentioned modification explained this invention taking the case of the aligner equipped 
with illumination-light study equipment, it is clear that this invention is applicable to the common 
illumination-light study equipment for carrying out homogeneity lighting of the irradiated planes other 
than a mask. 
[0088] 

[Effect of the Invention] As explained above, while reducing illuminance nonuniformity, for example, in 
order to raise the continuity of the profile of the secondary light source, even if it increases the number 
of wavefront splitting, with the illumination-light study equipment of this invention, homogeneous 
aggravation of the illumination distribution resulting from a speckle-like interference fringe can be 
suppressed good using the phase bactericidal action of two speckle-like interference fringes from which 
a phase differs mutually. 

[0089] Therefore, with the aligner incorporating the illumination-light study equipment of this 
invention, since the homogeneity of an illuminance is securable good in the exposure side of the 
photosensitive substrate which is an irradiated plane, good high projection exposure of a throughput can 
be performed under good exposure conditions. Moreover, since projection exposure can be performed 
under good exposure conditions using the aligner of this invention, a good micro device can be 
manufactured. 



[Translation done.] 
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